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Abstract
Background: Providing emergency department (ED) wait time information to the public has been suggested as a
mechanism to reduce lengthy ED wait times (by enabling patients to select the ED site with shorter wait time), but
the effects of such a program have not been evaluated. We evaluated the effects of such a program in a
community with two ED sites.
Methods: Descriptive statistics for wait times of the two sites before and after the publication of wait time
information were used to evaluate the effects of the publication of wait time information on wait times.
Multivariate logistical regression was used to test whether or not individual patients used published wait time to
decide which site to visit.
Results: We found that the rates of wait times exceeding 4 h, and the 95th percentile of wait times in the two
sites decreased after the publication of wait time information, even though the average wait times experienced a
slight increase. We also found that after controlling for other factors, the site with shorter wait time had a higher
likelihood of being selected after the publication of wait time information, but there was no such relationship
before the publication.
Conclusions: These findings were consistent with the hypothesis that the publication of wait time information
leads to patients selecting the site with shorter wait time. While publishing ED wait time information did not
improve average wait time, it reduced the rates of lengthy wait times.
Background
Lengthy wait time for access to healthcare services is a
persistent issue in many jurisdictions [1,2], and to make
matters worse, wait times for different providers in the
same area can vary significantly [3,4]. While solutions to
these problems usually involve capacity increases or effi-
ciency improvement, with the adoption of information
technologies in the healthcare system, an alternative or
supplementary approach has been proposed and imple-
mented in some jurisdictions: publishing wait time
information of different providers so that patients can
make informed choices on which provider to use [5-8].
There are good reasons to believe that such an
approach might help reduce lengthy wait times. For
example, patients are known to be willing to travel or to
switch healthcare providers in order to achieve shorter
wait times [9-14], and if more patients choose providers
with shorter wait times, then lengthy wait times might
be less likely to occur. Such effects, however, have not
been empirically demonstrated.
One of the most promising areas of such application is
emergency department (ED) care, as lengthy waits in EDs
are widespread in many communities [15-18]. Wait times
in different ED sites in the same community can differ
significant [8,19,20], and patients’ selection of providers
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any medium, provided the original work is properly cited.is less constrained by factors such as referral, continuity
of care, and familiarity with providers, as patients usually
do not require a referral to visit an ED, and patients
usually do not have the ability to select care providers in
an ED.
In this study, we aim to test the hypothesis that publi-
cation of wait time information would lead to more
patients visiting the ED site with shorter published wait
time, and that such a change in utilization pattern
would lead to reduction in lengthy wait times in a com-
munity with two ED sites. This study was reviewed and
approved by the Research Ethics Board at the University
of Western Ontario.
Methods
Study setting and data source
The study setting is a middle-sized community with a
population of half a million with two adult ED sites in
southwest Ontario, Canada. These two sites are: University
Hospital (UH) and Victoria Hospital (VH). The two sites
are 8.5 km apart (travel distance by road), and in normal
traffic conditions it takes approximately 15 min to travel
from one site to another by car, and about 30 min by pub-
lic transportation. The two sites are staffed by the same
group of physicians.
Starting from 19 February 2009, the average wait time
information of these two sites has been available to the
public (updated daily) via a website [8]. The number of
“hits” to the website ranged from 18 to 39 per day during
the month of June 2010 (historical data for number of
“hits” per day are not available), suggesting that around
10% to 20% of the visitors were using this website.
Administrative ED records for these two hospitals were
used in the data analysis. Such ED records include demo-
graphics (age, gender, postal code) for the patients and
timing (time of triage, admission, initial physician assess-
ment, and discharge) and clinical information (triage
level, main reason for the visit, discharge) of the visits.
We used ED records during the period from 1 August
2008 to 31 August 2009, excluding the transition period
of February 2009. The period between 1 August 2008
and 31 January 2009 will be referred to as the “before”
period hereafter, and the period between 1 March 2009
and 31 August 2009 the “after” period. A dummy vari-
able, “period,” was created to represent the period (0 as
the “before” period and 1 “after”).
Patients aged 19 and above who self-arrived at the ED
(i.e., not by ambulance), whose triage levels were not
“Resuscitation” or “Emergency,” who provided a valid
residential postal code, and who resided within 50 km
from either site were included in the analysis, as these
patients are the most likely to use the published wait
time information to select which site to visit. Those who
r e s i d e dm o r et h a n5 0k ma w a yw e r ee x c l u d e da st h e y
were most likely visiting the region rather than traveling
from their home to visit the ED, making their travel dis-
tances impossible to calculate. Follow-up visits were also
excluded as such visits did not involve a choice of site.
Independent visits from the same patient were treated as
separate visits as the same patient may visit different sites
at different times. Please note that ability to pay was not
a factor because of Canada’s universal healthcare system.
Measurements
Patient age was grouped into three categories: 19-40, 41-
60, and 61 and older. Age was not treated as a continuous
variable as we believe that age is likely to have a non-linear
effect [20]. We chose 40 and 60 as the two cutoff points as
we believed that people below and above these two ages
may have important differences in their reactions to infor-
mation on the Internet. Travel distances between the
patients’ resident addresses and the two ED sites were cal-
culated using ArcGIS 9.3.1, a Geographical Information
Systems (GIS) software product from Environmental Sys-
tems Research Institute, Inc. (ESRI). The latest Ontario
road map files were used, with longitude and latitude
values of the patients’ postal codes obtained from Statistics
Canada Post Code Conversion File (PCCF) [21]. The accu-
racy of PCCF in measuring distances between two postal
codes was validated elsewhere [22]. Differences in travel
distances between the patient’s residence and the two ED
sites were grouped into two categories: UH closer and VH
closer. Another patient level variable, gender, was also
included in the model.
Time of the day was grouped into three categories based
on triage time: daytime (8 a.m.-4 p.m.), early evening
(4 p.m.-12 a.m.), and midnight (12 a.m.-8 a.m.). Such cate-
gorization corresponds to the time shifts of the ED sites,
with changes in staffing and other resources. Days of
the week were grouped into two categories: weekdays
(Monday through Friday) and weekends (Saturday and
Sunday) based on triage time.
Main reason for visit was categorized into five cate-
gories using ICD 10 codes: “Mental and behavioral disor-
ders” (ICD codes starting with F), “Pregnancy, childbirth,
and the puerperium” (ICD codes starting with O), “Dis-
eases of the circulatory system” (ICD codes starting with
I), “Injury, poisoning, or external causes of morbidity and
mortality” ( I C Dc o d e ss t a r t i n gw i t hS ,T ,V ,o rY ) ,a n d
other reasons.
Level of emergency was determined at triage (triage
level). There are five possible levels: Resuscitation,
Emergency, Urgent, Less Urgent, and Non Urgent. As
mentioned above, those with triage levels Resuscitation
or Emergency were excluded.
Wait time was defined as the time between registra-
tion and discharge ("door to door”). Another measure of
ED wait time, namely the time between registration and
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also used in the literature; however, since such wait
time was not published in the website, we did not use it
in the analysis. Differences in wait times were grouped
into three categories: No difference; UH shorter; VH
shorter.
Data analysis
Rate of wait time exceeding 4 h and the mean, standard
deviation, and 95th percentile of wait times in the two
sites were used as indicators for the likelihood of
lengthy wait times in the descriptive analysis. The
patients’ selection of ED sites was used as the outcome
variable in the logistic regression. Independent variables
include the patients’ demographic and clinical variables,
the characteristics of the timing of the visit, and the dis-
tances between the patients’ residences to the two ED
sites.
Univariate analyses were performed on all covariates,
and those with a p value less than 0.10 were included in
the multivariate model. An interaction variable between
t h ed i f f e r e n c ei nw a i tt i m ea n dt h ed u m m yv a r i a b l e
“period” was included in the multivariate model to test
the hypothesis that the publication of wait time informa-
tion led to more patients selecting the site with shorter
wait time. Given the likely lack of independence among
the visits of the same patient, we used the Huber-White
method to correct for heteroscedasticity and for corre-
lated responses from cluster samples [23].
Data analyses were carried out using R 2.11.0 [24].
Results
Table 1 presents the characteristics of patients in the
study. There are 47,628 unique individuals with 69,687
unique visits during the study period, representing 1.46
visits per person. Of these, 34,194 had one visit, 12,099
had two to four visits, and the remaining 10,320 had
five or more visits.
Table 2 presents summary statistics of wait times in
the two sites. It can be seen that the rates of wait times
exceeding 4 h and the 95th percentile of the wait times
in both sites had a statistically significant decrease after
the intervention, even though the average wait times
slightly increased in both sites (such increases did not
achieve statistical significance). These results are consis-
tent with the hypothesis that patients were using the
wait time information to select which site to visit.
Figure 1a presents the wait time for those discharged
without admission at VH, Figure 1b presents the differ-
ences in wait times (VH-UH), Figure 1c presents the
combined volume of these two sites, and Figure 1d pre-
sents the portion of patients who went to VH.
The wait times in these two sites can vary signifi-
cantly, and there seemed to be no clear pattern in the
relative wait times in these two sites. This variation and
lack of clear pattern suggest that wait time information
provides valuable information, as patients would not be
able to predict the wait times of these two sites using
previous experiences and/or using external factors such
as time of the day or day of the week.
Table 3 presents results of the logistic regression mod-
els. As can be seen from the results, the interaction
between period and wait time differences is a statisti-
cally significant predictor of patient’s choice of ED site
in the multivariate model, providing support for the
hypothesis that patients are using the published wait
time information to select which site to visit.
Discussion
We found that the rates of wait times exceeding 4 h and
the 95th percentile of wait times in the two sites
decreased after the publication of wait time information,
even though the average wait times experienced a slight
increase. We also found that after controlling for other
factors, the site with shorter wait time had a higher like-
lihood of being selected after the publication of wait
time information, but there was no such relationship
before the publication. These findings were consistent
with the hypothesis that the publication of wait time
information leads to patients selecting the site with the
shorter wait time.
Due to the lack of randomization or a control com-
munity, it is difficult to establish conclusively that publi-
cation of wait time information caused patients to select
the site with shorter wait time, as there may be alterna-
tive explanations of the relationship between publication
of wait time information and shift in patient utilization
patterns.
Nevertheless, we have reasons to believe that the
results were not due to alternative explanations. More
specifically, a range of factors, including local disease
outbreak, construction work that made one of the ED
sites more difficult to reach, or capacity changes in one
or both sites, could have happened coincidently with the
publication of ED wait time information and could have
altered patients’ selection of ED sites.H o w e v e r ,n os i g -
nificant capacity change was made to either site during
the study period.
Moreover, changes caused by one or a combination of
these factors would persist for the entire duration dur-
ing which these factors were present, but the daily
volume graph did not show evidence of any sustained
change.
Given the variability and the lack of clear pattern of the
relative wait times of these two sites, it seems unlikely
that the relative wait time would be associated with any
of the aforementioned factors. Our findings provide sup-
port to the usefulness of providing wait time information
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care services.
Beyond the immediate impact on patient flows and
changed wait times for those patients who use the web
site, the publication of wait time information may also
have broader implications.
For example, in communities with alternative provi-
ders to EDs, such as walk-in clinics or urgent care cen-
ters, publication of ED wait time information may have
implications on relative patient volumes among ED sites
and these alternative care providers if the patients use
published ED wait times to decide not only which ED
Table 1 Characteristics of study participants and their ED visits
Aug 08-Jan 09 Mar 09-Jul 09
UH VH UH VH
Total number of visits 13,134 21,464 10,785 17,740
Time of the day
8 a.m. –4 p.m. 6,120 (46.6%) 9,956 (46.4%) 4,978 (46.1%) 8,037 (45.3%)
4 p.m.-midnight 4,749 (36.2%) 7,905 (36.8%) 4,040 (37.5%) 6,801 (38.3%)
Midnight-8 a.m. 2,265 (17.2%) 3,603 (16.8%) 1,767 (16.4%) 2,902 (16.4%)
Day of the week
Weekdays 9,353 (71.2%) 15,423 (71.9%) 7,839 (72.7%) 12,788 (72.1%)
Weekends 3,781 (28.8%) 6,041 (28.1%) 2,946 (27.3%) 4,952 (27.9%)
Main reason
Mental and behavioral disorders 242 (1.8%) 1,155 (5.4%) 196 (1.8%) 881 (5.0%)
Pregnancy, childbirth and the puerperium 121 (0.9%) 646 (3.0%) 76 (0.7%) 516 (2.9%)
Diseases of the circulatory system 550 (4.2%) 589 (2.7%) 470 (4.4%) 513 (2.9%)
Injury, poisoning, or external causes of morbidity and mortality 2,924 (22.3%) 4,971 (23.2%) 2,228 (20.7%) 4,034 (22.7%)
Other reasons 9,297 (70.8%) 14,103 (65.7%) 7,815 (72.4%) 11,796 (66.5%)
Triage level
Urgent 5,269 (40.1%) 9,791 (45.6%) 4,378 (40.6%) 8,085 (45.6%)
Less urgent 7,082 (53.9%) 10,994 (51.2%) 5,923 (54.9%) 9,219 (52.0%)
Non urgent 783 (6.0%) 679 (3.2%) 484 (4.5%) 436 (2.4%)
Wait time differences
UH shorter 4,665 (35.5%) 7,505 (35.0%) 4,084 (37.9%) 6,295 (35.5%)
VH shorter 6,699 (51.0%) 11,041 (51.4%) 5,907 (54.8%) 10,110 (57.0%)
Same 1,770 (13.5%) 2,918 (13.6%) 794 (7.3%) 1,335 (7.5%)
Number of eligible patients 10,349 16,304 8,845 14,004
Age group
19-40 4,564 (44.1%) 8,054 (49.4%) 3,980 (45.0%) 7,086 (50.6%)
41-60 3,125 (30.2%) 5,185 (31.8%) 2,592 (29.3%) 4,383 (31.3%)
>61 2,660 (25.7%) 3,065 (18.8%) 2,273 (25.7%) 2,535 (18.1%)
Gender
Female 5,465 (52.8%) 8,773 (53.8%) 4,679 (52.9%) 7,563 (54.0%)
Male 4,884 (47.2%) 7,531 (46.2%) 4,166 (47.1%) 6,441 (46.0%)
Distances to two sites
UH closer 4,999 (48.3%) 2,755 (16.9%) 4,254 (48.1%) 2,283 (16.3%)
VH closer 5,350 (51.7%) 13,549 (83.1%) 4,591 (51.9%) 11,721 (83.7%)
Table 2 Summary statistics of wait time and wait time differences of the two sites
Statistic Sep 08-Jan 09 Mar 09-Jul 09 P value for trend
UH rate of wait time >2 hours 13.04% 9.81% 0.01
VH rate of wait time >2 hours 12.53% 9.45% 0.01
UH wait time (mean [SD]) 106.6 [84.4] 116.3 [88.5] 0.08
UH wait time (95% percentile) 270.0 287.0 0.10
VH wait time (mean [SD]) 104.7 [71.5] 112.3 [80.5] 0.15
VH wait time (95% percentile) 260.0 266.0 0.20
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Table 3 Results of the multivariate logistical regression*
Univariate Multivariate
OR [95% CI] p value OR [95% CI] p value
Intercept 1.64 [1.61-1.67] <0.001 0.67[0.62-0.73] <0.001
Time of the day (reference: 8 a.m.-4 p.m.)
4 p.m.-midnight 1.03[1.00-1.07] 0.08 0.94[0.91-0.98] 0.003
Midnight-8 a.m. 1.00[0.95-1.04] 0.83 0.94[0.89-0.99] 0.01
Day of the week (reference: Weekdays)
Weekends 1.00[0.96-1.03] 0.82 0.98[0.94-1.02] 0.31
Main reason (reference: injury, poisoning, or external causes of morbidity and mortality)
Mental and behavioral disorders 0.71[0.65-0.78] <0.001 0.75[0.68-0.82] <0.001
Pregnancy, childbirth and the puerperium 1.15[1.11-1.20] <0.001 1.19[1.13-1.24] <0.001
Diseases of the circulatory system 3.07[2.77-3.42] <0.001 3.21[2.87-3.59] <0.001
Other reasons 3.90[3.36-4.55] <0.001 3.66[3.12-4.31] <0.001
Triage level (reference: urgent)
Less urgent 0.84[0.81-0.87] <0.001 0.78[0.76-0.81] <0.001
Non urgent 0.47[0.44-0.52] <0.001 0.46[0.42-0.50] <0.001
Wait time differences (reference: same)
UH shorter 0.95 [0.90-1.00] 0.07 1.01[0.94-1.09] 0.74
VH shorter 1.01 [0.96-1.07] 0.6 1.02[0.95-1.10] 0.52
Age Group (reference: 41-60)
19-40 0.61[0.58-0.63] <0.001 0.60[0.57-0.63] <0.001
>61 0.90[0.86-0.93] <0.001 0.89[0.85-0.93] <0.001
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native providers. This possibility is especially important
in jurisdictions with universal insurance coverage such
as Canada, where ability to pay is not an issue affecting
patients’ choices of healthcare provider. Our study does
not provide any information on such implications, but it
is a worthwhile topic to pursue.
Surveys also show that it is the perceived wait time,
not the actual wait time, that influences patient satisfac-
tion with EDs [25-27]. Publishing ED wait time informa-
tion could enhance patient satisfaction if such published
wait time is a reasonably accurate prediction of actual
wait time; if the published wait time does not reflect the
patient’s experiences, on the other hand, patient satisfac-
tion could be negatively affected. Given the variability in
wait times of individual patients, it is unclear how accu-
rately a summary statistic can reflect the experiences of
these patients, but the implications for patient satisfac-
tion is a topic that warrants further investigation.
Conclusion
The findings of our study are consistent with the hypoth-
esis that publication of wait time information would lead
to more patients visiting the ED site with shorter pub-
lished wait time. The impacts of such a change in utiliza-
tion pattern on ED wait times were mixed: rates of wait
times exceeding 4 h and the 95th percentile of the wait
times in both sites had a statistically significant decrease
after the publication of wait time information, although
the average wait times slightly increased in both sites
(such increases did not achieve statistical significance).
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